Abstract. Wind turbine is a device used to convert kinetic energy into electrical energy. Generally, wind turbine could be classified as horizontal axis and vertical axis wind turbine, depending on its axis of rotation. Two major factors affecting wind turbine performance are wind speed and aerodynamic design. While wind speed is depending on the location and weather, aerodynamic design of the wind turbine could be improved and optimized to enhance the wind turbine efficiency. This paper summarized few such design with particular attention on output power analysis as well as analysis tools development, for both type of wind turbine.
Introduction
Increasing cost of and large depletion of fossil fuels had sparked initiative on finding a sustainable replacement in the form of renewable energy resources. Globally, among several renewable energy resources available, wind energy is one of the most competitive cost effective option. In Malaysia, relatively few wind energy system were developed, and this may due to the fact that the wind velocity in Malaysia is relatively low and varies with seasons.
Wind turbine is a device used to harvest the potential energy of wind and convert it into a more useful electrical energy. In general, wind turbine design can be divided into two which are Horizontal Axis Wind Turbine (HAWT) and Vertical Axis Wind Turbine (VAWT). HAWT have become quite popular in the current market, and it is operate by converting the kinetic energy at wind rotor shaft to electrical energy by receiving the parallel wind direction on the wind turbine rotor. It could generate high power in high speed wind but its heavier size is costly to maintain.
VAWT on the other hand is a main rotor with the rotational axis stands vertically to the ground, and it receive the wind from any direction without the required of yaw mechanism. There are two major type of VAWT, namely Darrieus lift type and Savonious drag type. Lift type rotor has low torque but can produce a high rotational speed that use to produce higher electrical power, while the drag type rotor has high torque but low rotational speed which can produce comparably less electrical power than the lift type. The advantages of VAWT is that it allow the heavy components like generator to be allocated near to the ground for easy maintenance, but the lower wind speed near to the ground level would produce less power instead.
Previous studies concluded that wind speed and aerodynamic design are major factors effecting electrical power output. For example, HAWT is greatly depends on the rotor radius and incoming wind speed, and the rotor height position will not affect much in the power output capabilities. In other words, the HAWT can increase the efficiency when less wind disturbance or nearly laminar wind flow receive by the wind turbine rotor.
From an efficiency standpoint, the theoretical efficiency of Darrieus type VAWT is 0.554 while the Savonius type wind turbine possess the maximum power coefficient below 0.2 [1] . In practice, rotor design efficiency has not yet achieve the theoretical efficiency over many types of design currently existed. It may due to the losses from the stall effect, friction loss, wake effect and so on. Therefore, low tip speed ratios and also the high lift drag ratio aerofoil on tip region can slightly increase the efficiency [2] .
Vertical Axis Wind Turbine Analysis
A lot of study have been done on VAWT relatively due to this new technology has proved to be very effective in lower wind speed location such as cities. The Darrieus type VAWT was invented by a French engineer George Jeans Mary in 1931 in USA. The aerodynamic analysis is the main focus for development and optimization using several methods. Most of the computational analysis on VAWT is about the nature of its self-starting incapability and also the aerodynamic simulation performance among the blade profile design. There are also quite a number of research aimed to increase the power output generation as VAWT have the limited production of power.
Darrieus lift type self-starting. Spanish researchers N.C. Batista et al. [3] studied on the self-start of lift type vertical axis wind turbines on several asymmetrical airfoil at different curvature size and chamber position with the chord line. Their investigation were concentrated on pressure coefficient around the blade profile surface and exerted in all segment for any given angle between 0° and 360° to get the contribution to tangential force and normal force which can be shown in the Figure 1 . Habtamu Beri and Yingxue Yao [4] evaluated the turbine performance in zero tip speed ratio using three different steady state condition orientations. The starting performance reported that the higher the positive torque at all three different orientation position, the better the starting capabilities of the wind turbine. Therefore the study show the reverse of it which utilize the drag force is not contributing to the self-start at low tip speed ratio. N.C. Batista et al. [5] showed that typically the straight blade VAWT is not able to perform selfstart at high tip speed ratio. The new airfoil presented in their paper was proposed to rectify the inability to self-start by developing high lift on upper surface that essential when the wind turbine is working at both low and high tip speed ratio while in lower surface of blade profile with the combination of high lift properties and drag force increase of cup form profile when the wind turbine is stopped Their blade design showed excellent performance at low wind velocities and low tip speed ratio, and also exhibited a good performance at high wind velocities and tip speed ratio.
Output power analysis. Fang Feng et al. [6] .performed power performance analysis by analyzing the power performance using power coefficient and tip speed ratio. Tip speed ratio was specified to obtain the power coefficient of the wind turbine while the maximum power output was obtained by analyzing the specific rotational speed.
From the experimental testing on optimum output power of wind turbine presented by Guoying Feng et al. [7] , they concluded that the wind turbine would produce optimum power output when it
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Advanced Research in Materials and Engineering Applications operate at optimum rotational speed. The authors also mentioned that the experimental power generation at wind speed of 8 m/s was negligible while the at the wind speed higher than 12m/s, reasonable power generation were produced.
Development of analysis tools.
Md Nahid Pervez and Wael Mokhtar [8] presented the flow characteristics around the Darrieus VAWT using CAD software SolidWorks in all the models of wind turbine and simulations were performed using STAR CCM+ commercial software. The authors simulate the pressure contours and velocity distribution around the airfoil for 2D and 3D cases for the purpose of analyzing the flow structure while the coefficient of lift is the most important result for different angles of attack. N.C. Batista et al. [3] performed their wind turbine analysis by using Javafoil as computational tools to obtain the pressure coefficient along several airfoil configurations. To obtain the pressure coefficient vectors, the maximum and minimum angle should be set accordingly on the airfoil profile. Besides, the different values of the pressure coefficient would relate to the opposite length, whether in the direction to the wind rotation or opposite to it.
Aravind C.V. et al. [9] conducted geometry modeling and simulation analysis using the software in MATLAB/SIMULINK platform. Wind energy coefficients and power coefficients are important wind turbine parameters. In this paper, the authors proposed a rotational speed control model which include the rotational speed control in order to obtain maximum wind power. The targeted power was obtained by controlling the rotational speed from the incoming wind.
Horizontal Axis Wind Turbine Analysis
Most of the studies on HAWT performances in power generation focused on blade aerodynamic characteristics. The self-starting performance in HAWT is depending on the incoming wind speed and therefore few researchers concerned on the study of self-starting capabilities of HAWT.
The recent work by Rui Yang et al. [10] aimed at giving a better understanding of the influence of rotational effects on the aerodynamics characteristics of horizontal axis wind turbine. Most of the study review based on the Blade Element Momentum Theory (BEMT) as analytical tool due to its fairly accurate and low computational cost, therefore it is widely used in the wind energy industry to estimate the theoretical output power from a rotor [11] .
HAWT aerodynamic airfoil analysis. Previous studies on HAWT determined that it is important to consider the tip speed ratio between rotor blade velocity and relative wind velocity. Among others, torque, mechanical stress, and aerodynamic aspects should be taken into consideration in tip speed ratio selection [12] .
The ideal plan form of a HAWT rotor blade is defined using the BEM method with the calculation on chord length according to Betz limit. The tip speed ratio between six and nine with the negligible of tip and drag losses will result a good approximation in Betz momentum [2] .
Xinzi Tang et al. [13] presented rotor design and analysis to regulate the stall effect that occurs gently after the maximum lift to drag point. Low attack angle will result the drag coefficient to be much lower than lift coefficient. Furthermore, the authors also mentioned that the chord and twist distribution at a certain tip speed ratio can produce maximum power coefficient based on the BEM theory with respect to the aerofoil type.
Power generation analysis. The aerodynamic power output with respect to the incoming wind speed at the generator terminal can be obtain from the power coefficient against the tip speed ratio curve in the simulation, and the aerodynamic power output would be calculated by multiplying designed overall efficiency with 0.9 [14] .
Yang Sun and Liang Zhang [15] utilized a model of horizontal axis wind turbine Phase VI rotor in the prediction of power coefficient using the commercial CFD FLUENT 6.2. The comparison between the calculation data and experiment data is mainly used in validation of the result. The Applied Mechanics and Materials Vol. 695experimental data from NREL UAE wind tunnel wind flow showed that the result was very similar when it was operating in stalled flow.
Development of analysis tools.
Research by Ming Qiu and his team [16] focused on the three dimensional flow field by increasing the impact of accuracy on the simulation factors. One of the important aspect is that the structural grid form on the blade surface have the higher precision and fully meet the engineering requirements instead of the non-structural grid form. Korean researchers Nak Joon Choi et al. [14] performed BAWT simulation using the commercial CFD Solver ANSYS software. From the analysis, the boundary condition at the outlet is applied with negligible relative pressure and a no slip condition acting on the bottom surface of the blade.
Pedro Bañuelos-Sánchez et al. [17] selected Wortmann FX 63-137 profile as rotor design in their modeling using Solidwork software. The blade design modeling was divided into ten sections for a blade with different chord length. From the result comparison between the lift and drag ratio for four types of difference profile, they found that the lowest is NACA 4434 with 2.0421 while the highest was FX 63-137 with 72.4948.
Conclusion
Regardless of the type of wind turbine, careful analysis of the aerodynamic design is essential to ensure the wind turbine system achieve its highest possible efficiency. Modern wind turbines have achieve much higher efficiency than their predecessor, mainly due to the advancement in experimental and computational technologies. The next obvious step is to establish fabrication system of this aerodynamic design by using common materials and utilizing mass manufacturing process, while at the same time maintaining the accuracy and reliability of such system, which in turns would lead to cheaper and more widely available wind turbine system.
